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C1014/C 

Title: .qam ple " imaging- 

This invention concerns optical systems for imaging multiwell 
sample plates and the like onto camera devices, for analysis 
and monitoring of light activity in the wells. 

Biomedical samples, typically in multiwell sample plates, can 
be viewed and measured with a CCD camera using a suitable lens. 
The lens demagnif ication can be chosen to match the size of the 
whole sample plate (eg typically 110mm x 75mm) . or a part of 
it, to the CCD. A CCD camera can be either a bare cooled CCD, 
or an image intensified CCD. 

Typically a CCD camera sensor i s 1" ( 25mm) s t^uare. A 
demagnif ication of "^-'11^725^4. 4 is therefore necessary, to view 
a- whole sample plate. 

In. modern biomedical assay chemistries where luminescent or 
fluorescent light emissiori occurs at long wavelengths towards 
the red end of the spectrum (GOO-VOOmm) a bare cooled CCD has 
a great advantage. The CCD is cooled by Peltier or Cryogenic 
means to reduce the dark noise of the CCD sufficiently. 
Special electronics is needed to minimise read-out noise, but 
very low light levels can then be detected in- the presence of 
low noise. The quantum efficiency of a CCD over most of the 
visible range is 35-40%. Using, a thinned back- illuminated CCD, 
th? ef^ "^^^y <"^^ as hi gh as ao-90%. _ 



The situation can be contrasted with image intensified CCD 
cameras, where photons are detected in the photocathode of the 
image intensifier. The quantum efficiency of typical low-noise 
photocathod^s in the red is poor (<5%) ) . Where Genl image 
intensif iers . are used, there is also usually shading, xe a 
fall-off of detection efficiency away from the centre of the 
field of view. Where Gen2 (microchannel plate) image 
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intensifiers are used, there is also a problem at medium and 
high light levels, where the tube lifetime becomes limited, 
Geil3 image intensifiers offer much improved quarxtum efficiency 
in the red, but these are to some, extent in the development 
stage, at least where tubes of reasonable diameter (eg 4 0mm) 
are involved, and the noise level can.be a problem. 

With an image intensified CCD a single detected photon results 
in a burst of electrons in the CCD, spread over a number of 
pixels. Centroiding methods have been proposed to achieve sub- 
pixel spatial resolution (eg of the order of 10 microns) for 
locating the coordinates of a detected photon which is 
important in some imaging applications where many tiny light 
emitting sites are present in the sample, and the imaging 
process requires the different light emitting sites to be 
resolved the one from the other. 

In generals centroiding methods cannot be used with a bare 
cooled CCD because a detected photon results in only a single 
electron in the silicon. 

According to one. aspect of the present invention, a sample 
plate is imaged onto, a bare cooled CCD camera by at least one 
lens and a fibre-optic taper. A fibre optic taper possess some 
advantages and the use of a converging lens possesses other 
advantages. Optical arrangements embodying the invention 
therefore possess the advaritages of both lens imaging and of 
contact imaging. 

Preferably a shutter or iris is included in the light path 
between the sample and the CCD camera. 

Where a single lens is employed, the 'shutter may be located 
between the lens and the CCD camera faceplate- Where two 
lenses are employed the shutter may be located between the two 
lenses- 
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in general a multiwell sample plate can be imaged and analysed 
in a single exposure (shot) . However . where a fibre optic taper 
is employed without a lens, two or more exposures (shots) may 
be required to form a complete the image and analyse a sample 
plate. 

A system incorporating the invention is highly effective in 
light gathering. Efficiencies of the order of 3:5% can be 
envisaged- 



an 



A second lens may be incorporated to advantage. Typically 
imaging lens is located close to the sample and a field lens 
is located close to the camera input faceplate. 

Preferably the field lens bends the light rays bo as to be 
normal to the taper, hence minimising any loss of light due to 
rays entering the taper at angles outside the maximum 
acceptable angle 0=sinMNA) , where NA is the numerical aperture 
of the taper, . (equal to the magnification), ie 24.6/;0.7 - 
0.348 in the exan^le given above. 

in a preferred arrangement, efficient light gathering is 
achieved by bringing the sample as close as possible t^o the 
imaging lens and arranging the lens powers to cause the cone 
of light entering the fibre optic- taper just to fill the 
numerical aperture (NA). of the taper. 

in a preferred embodiment, the taper is HOmm diameter with a 
demagnific^tion o£ 2.87. ■ Fl. 1 lenses preiTe- i^a. 



Preferably the imaging lens is a complex lens consisting of a 
number of separate lens components. ' , 

Preferably the light source is a laser light source. 

in a further arrangement a second field lens may be Tnounted 
clos. to the sample plate to select rays generally normal to 
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the plate, even near to the edge of the plate, and thereby 
minimise parallax effects. . . 

Each or both of the lenses may be a simple single element lens 
or to advantage may be a multi-element lens , 



Comparison of different arrangements 

Axi example of one arrangement using a bare cooled CCD is shown 
schematically in Figure 1(a). A typical .1" CCD will have 
1024x1024 pixels/ the pixels being of size 24 microns x 24 
microns. A shutter {or iris) is shown included in the light 
path to protect the CCD if a strong light source eg a laser, 
is being used to excite fluorescence in the sample, . 
pa rticularly if a time-resol ved fluorescence method is being 
used {ie light on, light off, read sample, repeat) . . 

In other circumstances, the shutter or iris may be employed to 
reduce frame shift smear such as when using self luminescent 
. samples . 

An alternative to lens imaging is contact imaging in which a 
sample is presented directly to the CCD, via either a one-to- 
one thin fibre-optic plate to which the CCD may be bonded, or 
via a demagnifying taper to which the CCD may be bonded. This 
is shown in Figure .1(b),, in which a taper (typically having an 
input diameter of 70mm) • enables a plate to be viewed in four 
shots (or exposures) , Contact imaging is to be preferred where 

higher light capture efflcieriuy Is: deslrfed. Figure 1 (b) shows 

a bare cooled CCD but an imagd intensified CCD could instead 
be used. 

The relative light gathering efficiency of lens imaging and 
taper contact imaging is shown in Figures 1(a) and 1(b)- In 
the case of a lens, the standard formula (in terms of the 
demagnif icatidn m and the ratio F of focal length: diameter) 
given in. Figure 1(a) applies. This, means that in the example 
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given an overall efficiency of only about 0.7% is obtained even 
with a very high quality Fl.l lens. The lens has the advantage 
that it can. view the sample in one go. Also a shutter can be 
included as mentioned above.. With taper contact imaging as 
depicted in Figure Kb), an efficiency of about 3% is 
obtainable, ie 4-5 times higher than for the lens. In the 
taper formula a factor 0.7 arises from the packing fraction of 
the fibres in the taper, a factor .1/4 comes from the fact that 
4 shots are needed to view the whole, plate, and there is a 
factor l/m^ where m is the taper demagnif ication - 

A preferred embodiment of lens-taper imaging embodying the 
invention is shown in Figure 2 in which a field lens bends the 
rays so as to be normal to the taper so as to reduce light 
loss. The imaging lens focuses the well plate onto the CCD 
-camera. The lens powers are selected so that the cone of light 
.entering the taper just occupies the numerical aperture- of the 
taper. A shutter is employed for the reasons given above. 

Figure 1(c) contains a formula giving . the efficiency of the 
arrangement shown in Figure 2 for m=4.47. and demonstrates that ■ 
. an efficiency of 3.5% can be obtained which is greater than 
either lens or. taper imaging when used alone. 

It is to be noted that another field lens of appropriate 
strength also could be inserted advantageously in front of the 
sample plate, that is between the sample plate and the imaging 
lens. This additional field lens would receive light rays on 
average normal to the .sample, and ^ direct thorn to the impiging 
lens. This reduces parallax effects which can result in the 
loss of light being received from deep in the wells of a sample 
plate . , , 

Figure 3 shows a second field lens mounted just beneath the 
sample plate which collects rays that are on average normal to 
the plate. This collection of norihal rays occurs across the 
whole area of the plate, even at the edges. As described above 
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the airrangement minimises parallax effects, which can make it 
difficult otherwise to gather light from deep down a sample 
plate well. The imaging techniques illustrated here may be 
used to advantage in systems for analysing photon emitting 
assays such as described in UK Patent Specification No. 
2294319.. 
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(a) 
Lens 

(1 Shot) 



Fig 1 

Imaging. Whole Plate (schematic) 
(m= 110/24.6 = 4.47 for 1 shot) 

w 

Taper Contact 
(4 Shots) 




Shutter 



S7. 



CCD 



Shutter 



(c) 

Lens-Taper 
(1 Shot) 




CCD 



Efficiency 
{for ptate) 



JL 



4F'(1+m)' 
form«4.47 and F=1.1 



_0.7 
4m* 

for m«58.4/24.6 = 2.373 



0.7 
for m=4.47 



= 0.69% 



:s 3.1% 



= 3.5% 



■ Gumbrid gB Inrw gtBg 
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Fig 2 

Lens -Taper 

Viewing whole plate (Schematic) 



Sample plate Ep- 

\ ^ 
I 



-Imaging^ Uens_ 



Shutter • 

Field Lens 





110x75 (<j)= 155-5) 
110 




115 f/1.10 



150f/1.12 
E' 70.7x70-7 (<j)= 100) 

Taper 
ceo 24.6 x 24.6 



- p i stauu j - Plate to Taper " 4 34mrn 
Field of view = 36.6 degrees. 



e a nfid e ntiol — 
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Ms 



Lens - Taper viewing whole plate (Schematic) 



A : 110x75 (<|) = 155.5) 




